Background: Laparoscopic splenectomy has been performed in a standard fashion with 4 to 5 trocars since the early 1990s. Single access laparoscopy has recently gained interest, but single access laparoscopic splenectomy has not been reported to date. It has the possible benefits of less pain, faster recovery, better cosmesis, with theoretically similar costs to that of traditional trocars.
INTRODUCTION
Splenectomy has been used as a treatment for chronic idiopathic thrombocytopenic purpura (ITP) for decades. 1 Since its introduction in 1992, laparoscopic splenectomy has been shown to be an equivalently effective and preferred minimally invasive method, decreasing patient discomfort, hospital stays, and recovery times. [2] [3] [4] [5] [6] In an effort to maximize the benefits of minimally invasive surgery, a new concept in surgery, natural orifice transluminal endoscopic surgery (NOTES), has emerged. 7 Its promise is that of totally scarless intraperitoneal surgery with virtually zero patient discomfort. Still under investigation, NOTES has many technical challenges, and its application has been limited to a few centers worldwide. 8 -10 Another competing minimally invasive approach, single port or single access surgery (SAS) has been described sporadically since the late 1990s. [11] [12] [13] Since the advent of NOTES, the idea of SAS has been revisited and has gained interest. This approach emphasizes the concept of surgery through one small transabdominal incision rather than the standard multiple trocar sites, with theoretic benefits of less pain and better cosmesis. The allure of SAS is that the surgeon can use relatively standard laparoscopic instruments and skills without the technical difficulties of NOTES surgery. As a result, SAS can be more readily implemented and is likely to have a higher degree of acceptance. The incision can be hidden periumbilically and can be used as the specimen extraction site as well. SAS has successfully been applied to basic laparoscopy (eg, cholecystectomies) as well as advanced procedures, such as colectomy, nephrectomy, and bariatric procedures. 14 -17 We describe the initial report of SAS laparoscopic splenectomy.
CASE STUDY AND SURGICAL TECHNIQUE
The patient is a thin 24-year-old male with medically recalcitrant idiopathic thrombocytopenic purpura and no other past medical or surgical history. His platelet count remained at 15 000, and a CT scan demonstrated a normalsized 13.5-cm spleen and an adjacent 1.8-cm splenule. Treatment options were thoroughly reviewed with the patient, and after weighing the risks and benefits, the patient elected to undergo a laparoscopic splenectomy.
The patient was placed in a 60-degree right lateral decubitus position on a moldable beanbag mattress with appropriate padding and securing straps. A 25-mm left upper quadrant incision was made just lateral to the rectus muscle. The abdomen was entered under direct vision. The incision site was selected to optimize the linear stapler angle that would be needed to divide the splenic hilum. A special multi-instrument flexible port, SILS Port (Covidien AG, Norwalk, CT), was, then, inserted into the incision. Three low-profile 5-mm trocars were placed through the port (Figure 1 ). The equipment used throughout the case included a 5-mm, 30-degree laparoscope whose light and camera cords emerged straight from the back of the scope, standard laparoscopic instruments, and one bending grasper.
Initially, the splenic flexure of the colon was mobilized away from the spleen. Then, the spleen was retracted laterally, and an inferior pole vessel was isolated, clipped with a 5-mm clip applier, and divided with 5-mm ultrasonic shears. At this point, the splenule was visualized, and its attachments were divided. The fundus was mobilized away from the spleen by sequentially dividing the short gastric vessels with ultrasonic shears. The bending grasper was used to retract the spleen laterally and display the splenic hilum.
The avascular plane posterior to the splenic hilum was dissected. Additional blunt dissection was used to open a window superior to the hilum. At this point in the procedure, one of the 5-mm trocars was replaced with a 12-mm trocar to accommodate the stapler. Two fires of a Roticulator laparoscopic linear stapling device carrying a blue load buttressed with a porcine-derived strip were used to transect the splenic hilum. Once the hilum was divided, the patient was transfused 2 units of platelets.
The remaining medial attachments were divided using ultrasonic shears. The bendable grasper was replaced by a snake retractor that was used to retract the spleen medially to allow for division of the lateral attachments. The 12-mm trocar was removed, and a 15-mm Endocatch bag (Covidien, Norwalk, CT) was inserted into the abdomen directly through the SILS port. The spleen and splenule were placed into the bag, and the bag was brought to skin level. The port was removed, and the abdomen desufflated. The spleen was morcellated in a standard fashion and removed. The port was reinserted, and pneumoperitoneum was re-established. The splenic bed was irrigated, and the staple line inspected. Once the port was removed, the resulting incision was remarkably small (Figure 2 ) and was closed in 2 layers. The patient was extubated and taken to recovery in good condition.
The procedure was completed without complications in 133 minutes with Ͻ10cc of blood loss. The patient required minimal pain medications and was discharged on postoperative day number 2 tolerating a regular diet. Two weeks following surgery, the patient was doing well and back to his baseline activity level.
DISCUSSION
Splenectomy is an effective therapy for medically refractory ITP, and a laparoscopic approach has been proven to be of great benefit to patients due to decreased pain, faster recovery, and better cosmesis. NOTES is a new paradigm that has the potential to deliver these benefits to a much Single Access Laparoscopic Splenectomy, Malladi P et al.
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greater degree but is still encumbered by many technical limitations. Single access surgery theoretically delivers many of the proposed advantages of NOTES but without its accompanying disadvantages. SAS utilizes standard or slightly modified laparoscopic instrumentation, maintains a sterile environment that is impossible with NOTES, and requires limited additional training for a skilled laparoscopist. In addition, the cost of SAS (such as the specialized port) may be comparable to the cost of standard laparoscopic trocars.
We performed this single access laparoscopic splenectomy safely and effectively and with minimally increased operative time. We took care to maintain the same standards of visualizing anatomic landmarks in proceeding with the steps of the operation. We also selected an ideal patient who was thin without prior abdominal operations and with a normal-sized spleen. Although SAS causes significantly more clashing of instruments, we were able to minimize this problem in a few ways. We used lowprofile trocars and a specialized multi-channel port that allowed greater angled movements for the instruments. The laparoscope was intentionally held further from the abdominal wall, and we utilized a camera that had cords projecting from the back thus away from the surgeons hands. The assistant manipulated the retracting instrument during most of the case, so that the surgeon could hold the camera and the dissecting instrument and move them in conjunction.
Limitations of our current technique include the placement of our incision away from the umbilicus. The selection of our incision site optimized the angle through which we fired our linear stapler when controlling the splenic hilum. Even though the cosmetic result was excellent, we did not hide the scar in the umbilicus. Longer instrumentation with greater roticulation may be needed to perform this operation transumbilically.
The size of spleen that can be resected and extracted may be limited by the single incision technique. Currently, massive splenomegaly increases the risk of conversion from standard laparoscopy to open or requires the addition of a hand-port for splenic manipulation and extraction. 18, 19 Maneuvering large spleens to safely control the hilum and to place them in the extraction bag will be difficult using a single incision laparoscopic approach. The exact spleen size limitation of single access laparoscopic splenectomy is not yet known.
Another limitation may be the ability to detect an accessory spleen. When performing a splenectomy for ITP, care must be taken not to overlook an accessory spleen that may cause recurrence of thrombocytopenia. Initial reports comparing laparoscopy with open splenectomy suggest that laparoscopic splenectomy may incur more missed accessory spleens. 20 Subsequent reports have shown that the 2 approaches are probably equivalent if the surgeons take care to perform a thorough survey of the operative field. 6, 21 We had preoperative imaging that identified the accessory spleen, and it was also quite close to the splenic hilum and easy to visualize. SAS may make a thorough survey for accessory spleens more challenging.
SAS may be a bridge to NOTES by allowing surgeons to hone their skills in operating within a single incision, but it is also a valid less-invasive alternative to standard laparoscopy. With refinement in surgical technique, operative time will decrease, surgeons' level of comfort with these operations will increase, and SAS may become the routine. This technique yielded clearly visible cosmetic improvements, but we still need to determine with randomized controlled trials whether it improves patient recovery and reduces postoperative pain and complications. Until surgeons become comfortable with this approach, we suggest that a high degree of attention be paid to patient selection. Most importantly, as these new surgical approaches are investigated and adopted, the paramount emphasis must be placed on adherence to safe surgical principles. Clearly, single access laparoscopy has possibly significant limitations on visualization, triangulation of instrumentation, and manipulation of tissue. Just as with traditional laparoscopy, the surgeon must have a very low threshold to add additional trocars or convert to an open procedure. If these principles are followed, the procedure can be done safely, and the theoretical benefits to the patient can be studied.
CONCLUSION
This initial report documents the feasibility of single access laparoscopic splenectomy and introduces another opportunity to further refine minimally invasive approaches in general surgery. With continued evaluation of SAS as well as advancements in instrumentation, SAS may prove to be the favored approach for certain laparoscopic procedures in the future.
